Abstract-In this communication we describe the first results of an efficient synthesis of b-free-dipyrromethanes in water. This new method affords very pure products in moderate to high yields, using a cheap, non-toxic, environment friendly solvent, in a one-step procedure from pyrrole and carbonyl compounds, needing little or no work up procedures.
Introduction
Polypyrrolic compounds are of wide interest in several areas, namely in porphyrins and related macrocycles, 1 science materials, 2 optics 3 and medicine. 4 Dipyrromethanes are important building blocks for many of the structures of interest in the above-mentioned areas. Although the stability of dipyrromethanes to oxidation is always a cause for concern during the synthetic procedure, isolation and storage of such compounds, a diversity of conditions have been established allowing good to excellent yields of dipyrromethanes to be obtained in the case where adequate substituents are present on the pyrrole rings. Those substituents provide for the stability of both the pyrrole precursors and the product dipyrromethanes. 5, 6 In the case of unsubstituted pyrrole rings, the dipyrromethanes are then prone to give further reactions leading to polymeric and highly labile products, except in the specific case of some polypyrrolic macrocycles.
efforts have been made at their preparation. Those methods, mainly due to the work of Lindsey et al., 7 are generally based on the acid-catalyzed condensation of the aldehydes and pyrrole, in the presence of a large excess of pyrrole, using strong organic acids like trifluoroacetic acid. They imply necessarily a delicate time control to stop the reaction when the dipyrromethane concentration is at its maximum and involve a final workup that requires, at least, the distillation of the excess pyrrole.
Results and discussion
In our synthetic endeavors in the area of porphyrin chemistry we came to find that the drop-wise addition of pyrrole to an aqueous solution of required ketone or aldehyde in the presence of hydrochloric acid, gave the corresponding dipyrromethane in good to excellent yields, after 30-45 min at 90°C. In the cases where aldehydes were used, the experiments were conducted under nitrogen to avoid the atmospheric oxidation of the dipyrromethane to dipyrromethene (Scheme 1).
Apparently the success of our approach resides on the fact that the reaction between the pyrrole and the carbonyl compound occurs at the interface between the pyrrole and the acidic aqueous aldehyde or ketone solution. The release of the dipyrromethane from the aqueous layer as it is formed, forces the reaction to completion and protects the product from further reactions, revealing another case of success in the use of water in organic reactions. 8 A continuous GC-MS analysis during the course of the reactions showed the exclusive formation of the dipyrromethane in the first half hour at 90°C for all cases. Only forcing the reaction conditions far beyond the necessary time for the consumption of the carbonyl compound and pyrrole, some secondary products were observed. In fact, a 3 h reflux experiment in water was required to detect two new compounds whose mass and fragmentation patterns correspond to those of the 'Nconfused-dipyrromethane' isomer and to the tripyrromethane.
These compounds were detected in several other methods of dipyrromethane or porphyrin synthesis as by-products.
9, 10 The low production of secondary products is an advantage of our method, which gives directly dipyrromethane samples of great purity. That purity is evident not only in the GC-MS analysis but also the elemental analysis.
Samples obtained directly from the reaction medium, with no purification process whatsoever, showed a total absence of tripyrromethane in the crystals, and allowed us to resolve for the first time the crystal structure of dipyrromethanes 1 and 2 ( Figs. 1 and 2 ). To the best of our knowledge, despite two reports of meso-mono-substituted dipyrromethanes, 11 our work is the first to describe the crystal and molecular structure of meso-disubstituted dipyrromethanes. , 2676 reflections measured, of which 2360 unique (R int =0.035), used for direct methods structure determination 13 and full matrix least-squares refinement. 13 The H atoms were placed at calculated idealized positions and refined as riding atoms. The final R (F 2 ) was 0.042 (for I>2|(I)) and wR(F 2 ) was 0.123 (for all reflections). , 9613 reflections measured, of which 9131 unique (R int =0.007), used for direct methods structure determination 13 and full matrix least-squares refinement. 13 The H atoms were placed at calculated idealized positions and refined as riding atoms. The final R (F 2 ) was 0.080 (for I>2|(I)) and wR(F 2 ) was 0.254 (for all reflections).
Conclusions
The synthesis of unsubstituted dipyrromethanes in water is an efficient process giving good yields of pure compounds. When pyrrole and an aldehyde or a ketone are made to react in a aqueous medium in the presence of an acid catalyst, the reaction proceeds with attack in a very selective way to the a-positions of the pyrrole and with direct isolation of the product dipyrromethane from the reaction medium, providing for its stabilization.
Besides being a cheap, non-toxic and environment friendly solvent, water joins the physico-chemical characteristics required to reach the goal of finding the way to make simple dipyrromethanes. The synthesis of dipyrromethanes in water involves little or no subsequent purification procedures and needs no excess of pyrrole, as previously known methods. Our approach is of value for meso mono and di-substituted or free mesodipyrromethanes and has the advantage of avoiding the environmental disturbing solvents.
Experimental
In a typical experiment, to a solution of 15 ml (0.14 mol) of 3-pentanone in 100 ml boiling water, 0.5 ml of 37% aqueous HCl are added, followed by the dropwise addition of 5 ml (0.7 mol) of pyrrole. After refluxing for 30 to 45 min the suspension is left to cool to 40-50°C and then the upper layer is transferred and allowed to cool to room temperature. The product crystallizes in large pale white crystals. meso-Phenyl-2,2%-dipyrromethane 3, dipyrromethane 4 and meso-(4-nitrophenyl)-2,2%-dipyrromethane 5 gave physical data in full concordance with the literature. 
